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OBIIJ,Aa XAPAKTEPMCTMKA PABOTbl 

AKTyajibHOCTb TeMBi. B nocjieflHiie roflbi meTopfA CKEHHpyiomeii 30H;i,OBoii 
MHKpocKonHH no3BOjiHjiH floCTHHt yHHKajibHbix HayHHMx pesyjibTaTOB B pa3- 

JIHHHblX oGjiaCTHX (|)H3HKH, XHMHH H 6H0JI0rHH. HoBbie SKCnCpHMeHTajIbHbie 

B03M0JKH0CTH flaHHoro HanpaBjieHHs — Hepa3pymaK)mHH xapaKTep nccjieflo- 
BaHHii, BbicoKoe npocTpaHCTBCHHoe pa3pemeHHe h B03MO}KHOCTb npoBCflenHH 
aKcnepHMCHTOB B jKHflKHx cpcflax — flejiaiOT oco6eHHO nepcneKTHBHbiM npH- 
MeneHHe CSlvj^ (b nacTHOCTH, aTOMHO-CHjiOBOii MUKpocKonHn) fljiH H3yHeHHH 
CTpyKTypbi H CBOiiCTB 6uoAozuHecKux u opzanuuecKux MaiepHajiOB. B to jkb 
BpeMs C3M-HCCjie;i,0BaHHe sthx o6'beKTOB ocTaeTCH 6ojiee cjiojkhoh 3a/],aHeH 
B cpaBHeHHH c aHajiorHHHbiMH HCCjieflOBaHHHMH noBepxHOCTeft TBep/;bix (kph- 
CTajijiH^ecKHx) TCji. /],eHCTBHTejibHO, nponijio 6ojiee ^ecHTH jieT c MOMeHia bo3- 
HHKHOBeHHH 30HflOBOH MHKpocKonHH (b 1981 t.), npejKfle HeM B 1992 T. 6bIJia 
y6e;i,HTejibHO npofleMOHCTpiipoBana afleKBaTHOCTb SToro MeTO^a ^jia Hccjieflo- 
BaHHii 6HonojiHMepoB na npHMepe AC]vj§-BH3yajiH3ari,HH MOjieKyjibi 
3TH roflbi B03HHKJI0 noHHMaHHC, HTO onpedeAMmiu,eu sadaueu ycneniHOCTH no- 
flo6Hbix HCCJieflOBaHHit, TpeSyiomeii SKcnepHMeHTajibHoro pemeHHH b KajKflOM 
KOHKpeTHOM cjiy^ae, aBjiaeTca uMMo6uAU3av,uji 6HOjiorHHecKHx h opraHH^e- 



"^C3M — CKaHHpyiomaji soH^OBaH MiiKpocKonHH 

■^ACM — aTOMHO-CIIJlOBaH MIIKpOCKOnilH 

'^/IHK — ^e30KCHpH6oHyKjieHHOBa5i KiicjiOTa 
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CKHx CTpyKTyp Ha noeepxHOCTHx Tsepflbix nofljiojKeK b trkom coctohhhh, HTo6bi 

GblJIO BOSMOJKHblM HCCJieflOBaTb HX CTpyKTypHfcie 0C06eHH0CTH. 

BecbMa BajKHbiM p/lk afleKBaTHoro npiiMeneHHa C3M b niHpoKOMacniTaG- 

HblX HayHHMX HCCJieflOBaHHHX HBJIHeTCH OTCJiejKHBaHHe H CHCTeMaTH3an,HH B03- 

MO>KHMx MexaHH3M0B BOSHHKHOBeHHH apme(j}aKmo6, T.e. annapaTHBix 34)4)eK- 

TOB, npHBO/;amHX K Ha6jIIOfleHHIO JIOJKHBIX HJIH HCKajKCHHblX CBOHCTB Hccjie/iy- 

eMoro oSteKTa. 

I^ejifa H saflaHH paSoTM. I],ejiBio ;i,HCcepTaii,HH sBjiajiacb pa3pa6oTKa mcto- 
flOB C3M-HCCjie;];oBaHHH HyKjiCHHOBbix khcjiot h hx KOMnjieKCOB, TITO H onpe- 
flejiHjio ocHOBHbie 3aflaiH: 

• pa3pa6oTKa ajiropiiTMOB onpeflejiCHHH pcajibHoft reoMCTpHH oSteKTa 
H3 aHajiH3a SKcnepHMeHTajiBHO n3MepeHHMx napaMeTpoB ero ACM- 
H3o6pa>KeHHa (ynei apTecjaaKTOB) ; 

• onpe/;ejieHHe a^eKBaTHBix mctoahk HMMo6HjiH3aD;HH MOjieKyji HyKjiCHHO- 

BblX KHCJIOT H HX KOMHJieKCOB C 6ejIKaMH H HOBepXHOCTHO-aKTHBHMMH 

BemecTBaMH b pa3jiHHHbix SKcnepHMeHTajiBHBix ycjiOBHHx; 

• OTpaGoTKa MeTOflOB KOHTpojinpyeMoii MO/],H4)HKai];HH cbohctb nofljiojKKH 
naneceHHeM tohkhx opranHnecKHx njienoK; HCCJie^OBaHHe bjihhhhh npn- 
poflbi nofljioJKKH H npoii,e^pbi c|)opMHpoBaHHH HjienoK na CTpyKTypy no- 

KpblTHH. 

MaTepnajiBi h MeTOflBi. ACM-HCCjieflOBaHHH npoBOflHjiH b pescHMax hocto- 
HHHoro HJIH Hpepi>iBiiCTorc0 KOHTaKTOB Ha npnGope «Nanoscope-IIIa> (Digital 
Instruments, CEIA) c Hcnojib30BaHHeM KOMMepnecKHx Si hjih Si3N4 KanmuAe- 
eepoe (Nanoprobe, Digital Instruments, CIIIA). 3KcnepHMeHTbi b jkhakhx cpe- 
flax npoBOflHjiH c Hcnojib30BaHHeM >kh;i;kocthoh aneiiKH (Digital Instruments, 
CUIA). B KanecTBe no/;jio>KeK Hcnojib30BajiH cmofiy (MycKOBHT) hjih bbico- 
KOopHeHTHpoBauHbiii HHpojiHTHTiecKHH TpacJjHT (nHporpacjiHT) : KaK HOBepx- 
HOCTH CBejKero CKOjia, Tax h MOflH4)Hu,HpoBaHHbie o6pa6oTKOH KaTHOHHbi- 

MH nAI^, KaTHOHaMH MBTajIJIOB, aMHHOHpOHHJITpHSTOKCHCHJiaHOM HJIH HaHC- 

ceHHCM TOHKOHjieHQTiHoro opraHHHecKoro hokphthh. OSpaSoTxy h nocipoe- 
HHe ACM-H3o6pa}KeHHii npoBOflHjiH npn noMomn nporpaMMuoro o6ecneieHHa 
«Nanoscope-IIIa» (Digital Instruments, CIIIA) h «(l>eMTOCKaH-001> (II,eHTp 
nepcneKTHBHbix TexHOjiorHii, Pocchh). 

■^TappingModeTM 

^nAB — noBepxHOCTHO-aKTHBHBie BemecTBa 
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IIpH npHroTOBjieHHH Bcex npenapaTOB HcnojibsoeajiH 6H;i,HCTHjijiHpoBaHHyK) 

fleHOHHSOBaHHyiO BOfly, KOHTPOJIB ^^HCTOTBI BOflBI npOBOflHJIH MCTO^OM ACM. 

IIpH HCCJieflOBaHHHx HyKjieHHOBBix KHCjiOT H iix KOMnjiBKCOB Ha Bos^yxe KanjiK) 
npenapaTa HanocHjiH na noBepxHOCTb nofljiojKKH, SKcnoHHpoBajiH, npoMBiBajiH 
H BbicyniHBajiH b ecTecTBeHHOii aTMOceJiepe. IIpH HCCjieflOBannH b }kh/i,khx cpe- 
flax npenapaT BBOfliijiii b jKHflKOCTHyio HHCiiKy npaSopa h HCCjie^OBajiH CTpyx- 
Typbi, a^cop6HpoBaBmHeca h3 pacTBopa na noBepxHOCTB nofljiojKKH. 

IIpH npHroTOBjieHHH njiCHOK JIeHrMiopa-Bjio;],}KeTT HcnojitsoBajiH aBTOMa- 
TH3HpOBaHHyK) JI^ BaHHy, npH stom 4)opMHpoBajiH TOHKonjienoHHtie noKpBi- 

THS KaK BepTHKajIBHBIM MeTOflOM JIB, TaK H MCTOflOM TOpHSOHTajIBHOrO OCa- 

jKfleHHH; flaBjiemie BbiflejieHHH vr noftnepjKHBajin na ypoBne 20-40 mH/m. IIpH 
ACM-anajiHse napaMCTpoB MOjieKyjiapHoii ynaxoBKH tohkhx hjichok CHeD;Hajib- 
Hoe BHHMaHHC yflCjiHjiH HCKjHOHeHHK) HCKa}KaiOHi,ero BjiHHHHH TeMnepaTypHoro 

HayHHZLH HOBH3Ha H npaKTHHecKaa n,eHHOCTB pa6oTi>i. PaapaGoTanbi 

KOJIHHeCTBeHHbie MeTOflHKH OHHCaHHH ^Byx HCKa}KaiOm,HX scjjcJjeKTOB ACM: 

ymupeHUJi h aaHUMcenusi npo(f>uAM H3o6pa}KeHHH OT^ejibHbix MHKpoo6'beKTOB, 
a/i;cop6HpoBaHHbix na HOBepxHOCTb TBcpflOH hoajiojkkh. npe;i,jio>KeH HpocToii 
B peajiH3an,HH ajiropHTM iHCjienHoro pemeHHH, ho3bojihiohi;hh BOCCTanoBHTb 
Hx HCTHHHbie pasMepbi. npoanajiHSHpoBaH MexannsM fl0CTH»ceHHH «aTOMHO- 
ro» paspemeHHH b ACM b CBeTe pesyjibTaTOB TeopHH KOHTaKTHbix flecfjopMa- 
n,HH. Ha ocHOBe cooTHonienHH repH,a stoh TeopHH pa3pa6oTaHa MeTO^HKa onpe- 
flejieHHH MopyjiR ynpyrocTH MHKpoo6'beKTOB, HMMo5HjiH30BaHHbix na nofljiojK- 
Ke, c Hcnojib30BaHHeM ACM. 

AHpo6HpoBaHa meiofiwKa npHroTOBjienHH o6pa3u,OB fljia ACM-HCCJieflOBanHH 

MOJieKyjI OflHOHHTeBOH H HX B3aHM0fleHCTBHH C 6ejIKaMH. IIpHMeHeHHe 

flaHHOii MeTOflHKH n03B0JIHJI0 BHepBbie MCTOflOM ACM BH3yajIH3HpOBaTb CTa- 

flHH npon,ecca BbiCBo6o}KfleHHH MOjieKyjibi PHK h3 6ejiKOBOH o6ojiohkh ^^acTHu, 

BTlVjj. IIpH 3TOM, B OTJIHHHe OT HCCJieflOBaHHH SJICRTpOHHOH MHKpOCKOHHH, MC- 

TOflHKa He eKAtouaem npon,ecc KaKoro-jinGo flonojiHHTejiBHoro KOHTpacTHpoBa- 
HHH MOJiexyji PHK (KOMnjieKCOoo6pa30BaHHH c 6ejiK0B0H HjienKoii, 3anbijieHHH 
H T.n.). HpoBeflCHHe nopflSubix ACM-HCCjie/],OBaHHH b ycjiOBHHx 6jih3khx na- 

THBHblM MOJKeT f^SLTb BKJiafl B nOHHMaHHC MexaHH3M0B HpOD^CCCa pa3MHO}KeHHH 
BHpyCOB. 

^JIB — JlenrMiopa-BjiOfljKeTT 
^PHK — pH6oHyKjieHHOBa5i KiicjiOTa 
*BTM — BHpyc Ta5aHHOH MOsaHKH 
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^HHaMHKa npoD;cccoB KOMnaKTH3aii;HH/;i;eKOMnaKTH3aii,HH MOJieKyji bbicoko- 
MOjieKyjiapHoii /JHK T4 Bnepebie HCCjieflOBana MCTOflOM ACM Henocpe^CTBeH- 
HO B BO^HO-cnnpTOBOii cmbch (npn KOHTpojinpyeMOM HSMeneKHH KOHLi,eHTpaii,HH 
HSonponaHOJia) . B cpasHeHHH c pesyjiBTaTaMii (|)jiyopecn,eHTHOH MHKpocKonHH 
yflajiocb ;;ocTHHb cymecTBeHHO 6ojiee bbicokofo npocTpancTBeHHoro paapeme- 
HHH, HTO nosBOJiHjio BHsyajiHSiipoBaTB TopoHflajibHbie oGpasoBaniiH, c4)opMH- 

pOBaHHbie OTflejIBHblMH BHTKaMH HaCTHHHO K0MnaKTH30BaHHBIX MOjieKyji. Ilo 

peayjiBTaTaM HaGjuo^enHH h anajinsa reoMCTpHH KOMnaKTHOii rjio6yjiBi npe;i,jio- 
jKena Mo;i,ejib KOMnaKTHsaniiH AHK. Pa3pa6oTaHHbiH nop;Kop, moxcct nosBOJiHTb 
HCCJie;i,OBaTB CHCTCMbi, Mo;;ejiHpyiomHe TpancnopT reneTHHecKoro MaTepnajia 

BHyTpb JKHBBIX KJieTOK. 

B SKcnepHMeHTax no ACM-BH3yajiH3aLi,HH CTpyKTypBi njienoK JIB noKasano 
npeHMymecTBO MeTO^a ropHSOHTajiBHoro ocajK^enHa MonocjioeB na no^jioJKKy. 
C noMomBK) ACM aHajiH3HpoBajiH BjinsiHHe uop/lotkkz na MOJieKyjiapnyio yna- 
KOBKy TOHKHx njiBHOK. HpoBefleHHe no;;o6HBix HCCJieflOBanHH moxcst nosBOJiHTb 
npoHCHHTb ocHOBHBie MexaHHSMBi, onpeflejiaiomHe (|)opMHpoBaHHe CTpyKTypBi 

njICHKH. 

Ho paspaGoTKaM flHCcepTaii,HH nocTaBjiena aa^ana cneu,. npaKTHKyMa Ka- 
^effpbi (J)H3HKH nojiHMepoB H KpHCTajijiOB (|)H3HHecKoro (i)aKyjibTeTa MFY 
«CKaHHpyioiii,asi 30H;zi;0Ba,H MHKpocKonHs HyKjieHHOBbix kiicjiot». 

Anpo6aLi,HH pa6oTBi. Ochobhbic pesyjibTaTBi flHCcepTan,HH 6bijih flOjio>KeHBi: 
Ha MeoKdynapodHux KOH(fiepeHii,u}ix: h 2-h no xhmhh BbicoKOoprannaoBan- 
Hbix BemecTB H nayHHBiM ocnoBaM nanoTexHOJiorHH (CanKT-IIeTepGypr, HiOHb 
1996 H 1998 rr.), 4-h h S-ii («NAN0-4» h «-5>) no HaHopa3MepHoit nayKe h 
Texnojiornn (IleKHH, KHTaii, ccHTs6pB 1996 h BHpMHnreM, BejinKoSpnTannH, 
aBrycT 1998), ^OyH^aMCHTajiBHBie npoGjiCMBi nayKH o nojiHMepax (k 90-jieTHK) 
aKa;i,eMHKa B. A. KaprHHa)> (MocKsa, Poccna, HHBapb 1997), «Nanomeeting- 
97» H «-99» (Mhhck, BejiapycB, Man 1997 h 1999), 9-h no CKaHHpyK)m,eii 
TyHHejiBHoii MHKpocKonnn, cneRTpocKonnn h 6jih3khm TexnojiornHM (FaMGypr, 
FepManHH, hhdjib 1997), nojiBSOBaTcncfl: NanoScope 1997 ro^a (CaHTa-Bap6apa, 
CUIA, aBrycT 1997); na MeoKdynapodHux cuMnoauyMax: 7-m esceroflnoM 
«<l>OTOHH^n,HpoBaHHBiii 3apsmoBbiH nepenoc: peaKn,HH b xchboh MaTepHH» (Po- 
necTep, CUIA, niOHb 1996), no kojijioh/pioh nayKe h nayKe o nojiniviepax «$op- 
MnpoBanne h /pinainHKa caMOopranH30BaHHBix cipyKiyp b pacTBopax nojiHMe- 
poB H noBepxHOCTno-aKTHBnbix Bem,ecTB — nocjieflnne fl0CTH>KenHa» (Haroiia, 
5InonHH, OKTsGpB 1996), 43-m nai^HonajiBHOM aMepnKancKoro BaKyyMHoro oGm,- 
Ba «nporpaMMa HaHopa3MepHOH nayKH n Texnojiornn* (OHjia;i,ejiB4)HH, CIIIA, 
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OKTaGpb 1996); na XVI MeH/i,ejiccBCKOM Ciea^e no o6meii h npHKjiaflHoii 
XHMHH (CaiiKT-ncTcp6ypr, Pocchh, Maii 1998), na BcepoccHiicKHx pa6oHHx co- 
BemaHHHx «3oHflOBaa MHKpocKonHH-97», <i;-98» h <i;-99» (Hhjkhhh HoBropo;],, 
PoccHH, MapT 1997, 1998 h 1999 rr.); na 2-m h 3-m BejiopycCKHx ceMHHapax no 
C3M (Mhhck, Bejiapycb, Man 1997 n Fpo/pio, Bejiapyct, 0KTsi6pb 1998), na 
niKOJie no XHMHH H 4)H3HKe nojiHMepoB (TeepB, Poccna, ^eKaGpt 1998). 

IIo pesyjiBTaTaM paSoTBi onySjiHKOBano 6 CTaTeii h 20 TeancoB n pecjaepaTOB 
flOKjia^OB, c^ejiaHHbix na Kon(J)epeHu,Hax. B chhcok jiHTepaTypti, npe^CTaBjien- 
HbiH B aBTope(|)epaTe, bohijih CTaTtn no tcmc ;piccepTan;HH, a Taicace pe4)epaTBi 
flOKjiaflOB, MaTepnajibi kotopbix ne namjiH nojinoro OTpaxcenHH b ony6jiHKO- 

BaHHBIX CTaTBSX. 

JIhhhbih BKjiafl aBTopa. Bee SKcnepHMenTajibntie HSMepenna soh^oboh 
MHKpocKonHH, pa3pa6oTKa h npHMeHenne TeopeTHnecKHx MOflejieit ^jih HHiep- 
npeTanpn h anajinsa SKcnepHMeHTajiBHbix flaHHBix BbinojineHBi asTopoM jihhho. 

Abtop npHHHMaji ynacTne b cobmccthoh pa6oTe c nayHHbiMH rpynnaMH Xhmh- 
HecKoro (J)aKyjibTeTa MFY no npHroTOBjiennio o6pa3n,OB fl/isi HCCJie;i,OBaHHit. 

CipyKTypa flHccepTau;HH. ^HCcepTan;HH coctoht h3 BBeflenna, o6n],ero o6- 
3opa jiHTepaTypbi, TeopeTn^ecKoii n SKcnepHMenTajibnoH nacTH, BbiBOflOB, 6h6- 

jiHorpacJjHH (132 HaHMCHOBaHHs) H npnjiojKenHa. TeopeTHnecKaa nacTb coctoht 
H3 OflfLOVL, a SKcnepHMCHTajibHaa h3 Tpex rjiab; KeoKfiasi rjiaBa co^epxHT xpaT- 
KHit jiHTepaxypnbiH o63op no KOHKpeTHoii xeivie HCCJieflOBanHH. Pa6oTa H3Ji0JKe- 
Ha na 227 cxp. (c npHjioacenneM) , coflepxcHT 54 pncyHKa n 9 Ta6jiHn,. 

OCHOBHOE COAEP:a<:AHHE PABOTbl 
1 OcHOBHbie npHHi],Hni>i C3M 

B nepBoii rjiaBe ^an anajiHTHHecKHH o63op ochobrmx mstoaob h cnoco6oB h3- 

MepenHH soHflOBon MnKpocKonnn, ee BOSMOJKHOCTeii n orpannHCHHii. ITpoana- 
jiH3HpoBano MecTO C3M b pa^y flpyrnx (J)H3HHecKHx mcto^ob nccjic^OBanHa 
noeepxHOcmu, paccMOTpeHbi odmfie no^xo^bi k npenapHpoBannio o6pa3u,OB nyK- 
jiennoBbix khcjiot pflu CSM-nccjieflOBaHHii. 
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2 AnajiHS HCKa>Kaioii],HX scJicJ^eKTOB ACM 



PesyjibTaTOM pa6oTM ACM HBjiHeTca ACM-H3o6pa5KeHHe: npoeJjHjib nepcMeme- 
HHs 30Hfla B npo]j;ecce cKanupoeaHUH npn 4)HKca]j;HH CHCTeMoii o6paTHOH cbhsh 
nocTosHHoro chjiobofo B3aHMo;i,eHCTBHH 30Hfla h o6pa3ii,a. ACM-H3o6pa}KeHHii 
MoryT Hea;i,eKBaTHO OToSpajKaTb peajibnyio TonorpacJjHio HCCJieflyeMofl: noBepx- 
HOCTH (roBopHT o Ha6jiiofleHHH apmecpaKmoe) . B paSoTe npefljiojKeHbi kojih- 
TiecTBeHHbie onucanHH flByx ochobhbix apTecjaaKTOB ACM, npoHBjiaiomHxcH 
npH HCCjieflOBaHHH o6'ieKTOB, a;i;cop6HpoBaHHbix na noBepxHOCTb TBepfloii nofl- 
jio>KKH — 9(f>(f>eKmo6 ymupeHUM npocfjuAJi n aaHuotcenuM eucom hx ACM- 

H306pa}KeHHH. 



KoHTaKTHbie ^e4)opMai],HH soH^a h o6pa3i],a 

IIpH CKaHHpoBaHHH 30Hfl BOSflCHCTByeT Ha o6pa3eii, c CHjioil B eduHuufiL-decsimKu 
HaHOHtmmoHoe, hto, b CBii3H c MajibiM pa^HycoM kphbh3hm KOHiHKa 30Hfla 
(oKOjio 10 hm), npHBOfliiT K 3HaHHTejibHOMy KOHmaKuiHOMy /^aBjieHHicj^, KOTopoe 
^ojiJKHO BbisbiBaTb KOHTaKTHbie fle4)opMaLi,HH HCCjie/iyeMoro o6'i>eKTa h npHBO- 

flHTb K SaHHJKCHHIO BblCOTbl CFO ACM-H3o6pajKeHHH. BcjIHHHHa ;i,e4)opMaLi,HH 

KOHTaKTHpyiomiix Teji onpe;];ejiaeTCH HSBecTHbiMii cooTHOmeHHHMH KonmaKm- 
Hou aadauu JepMcl^. KOToptie noKasbiBaiOT, hto cjaopMoii o6jiacTH KOHTaKTa 
flByx Teji, cflaBjiHBaeMbix chjioh _F, HBjiaeTCH sjijihhc c nojiyocHMH a h 6, npHHCM 
BejiHHHHa cGjihjkchhh ;];e4)opMHpyeMi>ix tcji h MOJKeT Gbitb Bbipa^Kena ^epes F, 
a, b, ynpyrHH napaMCTp o6jiacTH KOHTaKxa a TaKJKe rjiaBHbie 3HaieHHa 
cyMMapHoro Tensopa kphbhshm K0HTaKTHpyiOLn,Hx noBepxHOCTeii — AvlB, ko- 
Topbie onpeflejiHiOTCH reoMeTpHcii KOHTaKTgj 



Jl2 



KoHTaKT ccJjepHHecKoro soH^a h u,HJiHH/i;pHHecKoro o6pa3Li,a. 

Moflejib i];HjiHHflpHHecKoro o6pa3ii;a naxo^HT npHMeneHne npn anajiHse fleejjop- 

Man,HH MHKpOHaCTHU, Ll,HJIHHflpHHeCKOfl; (JjOpMbI (blipyCHblX naCTHII, JIHHeilHblX 

MaKpoMOjiexyji h np.). OflnaKO b stom cjiynaj^ cooTHomeHHH repn,a, BKjiiOT^aio- 
mae CHCTeMy HejiHHeftHbix ypaBHeHHii c HeaBHbiMH 3aBHCHMOCTHMH ot hckommx 



^no HaniHM oij,eHKaM: pp 1 Flla h 6ojiee 

-"^CM., HanpHMep, JI. Jlanflay, E. M. JlH4)mHij,. Teopufi ynpyzocmu. — M.iHayKa, 1987 
11 D = 3/4 [(1 - (7^)/E + (1 - a'^)/E'] , s^eci, E, E' , ana' — MOflyjiH lOnra h nyaccona 

MaTepnanoB soH^a h o5pa3Li,a 

I'^fljis KOHTaKTa ccj^epti pa^nyca R ii 6okoboh noBepxHOCTii i^HjiHH^pa pa^iiyca R ohh bbi- 

pa>KaK)TCH: A = 1/2 {1/R + 1/R), B = 1/2R 

I'^B OTJIHMHe OT HSBeCTHOrO CJiyMaH ClfiepUHeCKOU reOMeTpHH KOHTaKTHpyK>II],HX Teji 
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napaMCTpoB, HanpHMyro ne ynpomaiOTCH. ITosTOMy peajiHSoeajiH o6iii,ee ^ihc- 
jieHHoe pemeHHe, CBCflH HCxoflHbie cooTHomeHHH k nesaBHCHMbiM ypaBHCHHHM 

OTHOCHTejIBHO oduOSO HeHSBCCTHOrO. 

AByx HacTHbix cjiy^aeB yp^&jiocb nojiyHHTb aHajiumuuecKue 4)opMyjibi, 
BbipajKaiomHe ncKOMbie napaMCTpbi sbho; 

a) EcjiH R < R, TO rjiaBHbie SHancHiiH cyMMapnoro Tensopa kphbhshbi 
pasjiHiaiOTca: A > B. Tor;i,a a < 6 h, ccjih, <^ b^, to mo>kho noKasaTb, hto: 

h^(^-^y\ + l)xiFDy/^xB'/\ (1) 
rfle 6e3pa3MepHbiH napaMeip C (saBHcainHH ot a/6) pjisi mhophx saflai jiejKHT 

B ^Hana30He ot 1 flO 3, H C flOCTaTOHHOfl TOHHOCTBIO MOJKHO BOCnOJIb30BaTbCH 

oiiCHKOii. 

6) EcjiH R ^ R, TO A ^ B, Tor;i,a a ^ 6 h mojkho noKaaaTt: 

H.,FDf''.{± + l^y"\ (2) 

HTO HMeeT CTpyKTypy, cxoflnyio c ([I} . B o6ohx cjiynaax OKaaajiocb bosmojkhbim 
nojiyHHTb 4)opMyjibi h jijm napaMCTpoB sjijiHnTHHecKofi oGjiacTH KOHTaKTa a h 
b, HTO nosBOjiHCT onpeflejiHTb KOHTaKTHoe flaBjiCHHe. 

PesyjiBTaTbi pac^eTOB npe;i;cKa3biBaiOT tcm 6ojiijmyio BCjiHHHHy othoch- 
TejiBHbix fle4)opMaii,HH oGteKTOB, hcm Menbine hx pa^Hyc kphbhshbi, hto nofl- 
TBepjKflaeTCH SKcnepHMenTOM. C ii,ejii>io 3KcnepHMeHTajibH0fl; nposepKH saKona 

Mbl npOBCJIH HCCJieflOBaHHH SaBHCHMOCTH /],e4)opMan,HH 

OT CHjibi BOSfleiicTBHH 30Hfla H o6HapyjKHjiH xopoinee coBna^e- 
HHe SKcncpHMCHTa c pesyjiBTaTaMH, paccHHTaHHbiMH no pa3pa6oTaHHOMy no^xo- 
py^ CM. pHC.[TJ AnajiHS aKcnepHMeHTajiBHOii saBHCHMOCTH nosBOjiHji onpe/],ejiHTb 
Mo;i,yjib ynpyrocTH OTflejibHofl BHpycHoii ^acTHn,bi {E ^ 3 A Flla) . 

06ocHOBaHHe bo3mo:hchocth flocTH:»ceHHSi aTOMHoro paapemeHHH b 
ACM. 

PesyjiBTaTbi npHMeneHHa TeopiiH KOHTaKTHbix fle4)opMaii,HH f^jisi KOHTaKTa 30h- 
fla c paflHycoM kphbhshbi KOHHHKa R h njiocKoro o6pa3n,a noKasBiBaiOT, hto npn 
THnHHHbix ycjiOBHsx ACM-3KcnepHMeHTa na B03flyxe pa^Hyc o6jiacTH KOHTaK- 
Ta 30Hfla H o6Da3iiJ^ OKa3ijiBaeTCH ^ 1 hm h npeeumaem Me>KaTOMHoe pac- 
CTOHHHe. 3to 03HaHaeT, hto npn CKaHHpoBaHHH b KajK^biii momcht BpeMCHH 

-^'^HaCTHI^bl BHpyCa Ta6aMHOH M03aHKH HMeiOT Ll,HJIHH;],pHMeCKyiO (JjopMy 

15a = (FDiJ)l/3 
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75 100 125 150 175 

ChJ\S BOSflefiCTBHfl 30Hfla, hH 



Phc. 1: BKcnepHMeHTajibHRH h 
paccHHTRHHaH no cooTHOineHH- 

HM Fepiia SaBHCHMOCTH BblCO- 

TM npo4)HjiH ACM-H3o6pa>Ke- 
HHH nacTHii, BHpyca Ta6aHHOii 
MOsaHKH OT BejiHHHHbi Harpy- 
jKaiomeit CHjibi npn CKanHpoBa- 

HHH. 



c 30HflOM BsaHMOfleiiCTByiOT HecKOJitKo aTOMOB o6pa3ii,a. BosHHKacT Bonpoc 
o MexaHH3Me ACM-BH3yajiH3aii,HH aTOMHoii CTpyKTypti. ^eiicTBHTejibHO, koh- 
TaKT c eduHcmeeHHUM aTOMOM (a ~ MejKaTOMHOro paccTOHHiia) MO>KeT Sbitb 
ocymecTBjien jiHinb npn MHHHMH3aLi;HH chjim B03;i,efl:cTBH!i 30H^a ;i,o BejiHHHHbi 
10 100 nH, HTO Tpe6yeT cneii,HajibHbix SKcnepHMeHTajibHbix vcjiobhiJ^. 

H3BecTHbi Ha6jiK)flaeMMe b pa^e cjiynacB ocoGchhocth ACM-BH3yajiH3aLi,HH 
aTOMHOH CTpyKTypbi noBepxHOCTH: HHBepcHH KOHTpacTa, BH3yajiH3an,Ha «jiojk- 
Horo aTOMa> na Mecie TOHCHHoro /lecjacKTa. Panee sth Ha6jiiofleHHH oG-bhchh- 

JIHCb C n03HI];HH HajIHHHS Ha KOHHUKe UZAU HeCKOJIBKHX aTOMOB, flaiOIUHX OflH- 

HaKOBBiii BKjiafl bo B3aHMO/;eHCTBHe c o6pa3D;oM. Mbi npe^jiaraeM no;i;xo;i„ cbs- 
3biBaiomHH 3TH oco6eHHOCTH c HapaMCTpaMH SKcnepHMCHTa, onpeflejiHiomHMH 
paflHyc KOHTaKTHOii njiomaflKH a. 

B CHjiy HeodHopodnozo pacnpedeAenun daeAenuji b o6jiacTH KOHTaxTa BKjiafl 
KajKfloro aTOMa o6pa3n,a b CHjiOBoe B3aHMOfleHCTBHe c 30HflOM Gypfii onpe^e- 
jisTbca ero nojiojKCHHeM othochtcjibho Li;eHTpa o6jiacTH KOHTaKTa. OopMyjia 
KOHTaKTHOii 3a/],aHH repn,a, OHHCbiBaiom,aa: pacHpe^ejieHHe KOHTaKTHoro flaBjie- 
HHH, H03B0JiHeT BBCCTH aHHapaTHyK) (J)yHKn,HK) AC1V0 BHfla: 

A{x -x',y- y') ~ 



ecjiH [x — x'Y + {y - y') > a , 

rpfi a — paflHyc oSjiacTH KOHTaKTa. BBefleHHaa annapaTnaa (|)yHKLi,HH CBHSbiBaeT 
ACM-H3o6pa}KeHHe f{x,y) c peajibHoit reoMeTpHeii aTOMHoft penieTKH noBepx- 



^^ee npHMeHHMOCTb orpaHH^ena cjiy^aeM njiocKoro o5pa3Li,a h c4)epHHecKoro KOH'^HKa 30h- 
fla 



8 




A 



Phc. 2: SaBHCHMOCTb paa- 
HocmHou 4)yHKLi;HH ACM- 
H3o6pa}KeHHH ([5]) H ee mo- 
flyjiH OT paflHyca o6jiacTH 



KOHTaKTa a p^jiR MO^ejibHO- 



-2 - 




ro cjiyiaH reKcaronajibHoit 
pemeTKH {d — 0,52 hm) c 

(5-4)yHKIl,HHMH B Ka^CCTBe 



aTOMHblX. 



HOCTH HCCJieflOBaHHH ip{x,y): 




X ~x',y- y')ip{x',y') dx'dy' 



(4) 



Mbi npoBCjiH npocTeiiinHH anajiHS, bbihhcjihh / no (|4]) fl^jisi flByx cjiy^aeB: 
Korfla n,eHTp aoH^a naxoflHTCa Had amoMOM h Meatcdy amoMaMU pemcTKH. IIo- 
BepxHOCTHyK) pemeTKy o6pa3ii,a onHCbisajiH KaK reKcaroHajiBHyro c napaMCTpoM 
d, B KanecTBe aTOMHtix (|)yHKLi;HH Bbi6HpajiH 5-(\)yma\wR. Hcnojibsya ([3]) h ([4]), 
o6o3HaHaH ^jih flByx cjiy^acB Bbi^iHCjiaeMbie (J)yHKLi,HH KaK /i h /2 h onpeflejiaa 
paaHocmHym (J)yHKLi,Hio ACM-H3o6pa}KeHHH: 



paccHHTajiH ee aaBHCHMOCTb ot a pjia d = 0,52 hm (napaMeTp pemeTKH cjho- 
ffbi), CM. pHC.[2] KaK cjieflyeT h3 pncynKa, SHa^^eHHa pasHocmHou 4)yHKn,HH 
cymecTBeHHO BaptHpyroTca b saBHCHMOCTH ot napaMeTpa a. Bojiee Toro, npn 
pa3JiHHHbix SHaHeHHHx a MOJKex HSMenaTbca snaK A, hto ppjuKno npHBo;i,HTb 
K Ha6jiK)fleHHro HHBepTHpoBaHHoro ACM-H3o6pa>KeHHH (nnBepcHH KOHTpacTa) . 
OcoSo cjie/iyeT nofl^icpKHyTb, hto ne Ha6Amdaemcsi TeHfleHn,Ha k yMeHbineHHK) 
3HaHeHHH MaKCHMyMOB pasHOCTHOii 4)yHKn,HH HO Mepe yBejiHHeHHa o6jiacTH 
KOHTaKTa H, cjieflOBaTejibHO, BOBjie^^enna b KOHTaKT Bce 6ojibmero KOJinnecTBa 
aTOMOB; T.e. coxpanaeTca bosmojkhoctb HOjiyneHna «aTOMHoro» paspemenHa. 

^jia cpaBHeHHa c SKcnepHMenTOM hpobo/i,hjih nsMepenna 3aBHCHMOCTH ot 
paflHyca o6jiacTH KOHTaKTa cneKTpajibHOH hjiothocth ceneHna 4)yHKu;HH F{x^ y) 
ACM-H3o6pa}KeHHa HOBepxHOCTH cmopfA Bflojib ochobhoh och pemeTKH na npo- 
CTpaHCTBeHHOii nacTOTe k ^ 1/0,52 hm~^, cm. rpacJjHKH pHC.[3] H3MepaeMaa 




(5) 
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Phc. 3: SaBHCHMOCTb 
cneKTpajibHofi hjiothocth 
ceHCHHH 4)yHKLi;HH ACM- 
HSoSpajKeHHH cjnoflbi na 
npocTpancTBeHHOH nacTO- 
Te fc ~ 1/0,52 HM^^ B;i,ojib 
ocHOBHOii ocH pcineT- 
KH OT paflHyca o6jiacTH 
KOHTaKTa a. HsMepeHHaa 
BejiHHHHa HopMnpoBana na 
cneKTpajibHyio hjiothoctij 
inyMa na Toit >Ke ^acTOTe. 

3aBHCHM0CTH HOJiyHeHBI 
fljiH Tpex paSJIHHHblX 
30HflOB. 

BejiHHHHa no CBoeMy (JjHSHHecKOMy CMbicjiy flOJiJKna KoppejinpoBaTt c BBe^eH- 
Hoii Bbime pasHocmHou 4)yHKn,HeH (ee MO^yjieM, pHC.[2]). BxcnepHMeHT noKa- 
3biBaeT, HTO npH yBejiHHenHH paflHyca o6jiacTH KOHTaKTa h yBejinnenHH nncjia 

KOHTaKTHpyiOmHX C SOHflOM aTOMOB o6pa3n,a fleftCTBHTejIBHO COXpaHHeTCa B03- 

MO>KHOCTb BH3yajiH3aD;HH flByMcpHOH nepHO;];H^ecKOH CTpyKTypbi. 

0;i,HaKO, corjiacHO npoBeflCHHOMy aHajiH3y, BH3yajiH3HpyeMaH «;aTOM- 
HaH> CTpvKTvpeF^ He HBjiaeTCH «hcthhhoh J^: CTpyKiypa sjieMCHTapHOH HHefi- 
KH Ha ACM-H3o6pa>KeHHH mojkct OTo6pajKaTbca Hea/i,eKBaTHO (nHBepcHH koh- 
TpacTa); bjihshhc TOHe^^Horo pfic^ewia HepepacHpe^ejiaeTca ho oSjiacTH pa3Me- 
pa ^ a. Otjihhhc npefljiaraeMoro MexaHH3Ma BH3yajiH3an;HH aTOMHOii cxpyKTy- 

pbl B ACM OT OHHCaHHblX B JIHTCpaType COCTOHT B TOM, HTO OH n03B0JiaeT CBS- 

3aTb oco6eHHOCTH (xoHTpacT, KanecTBo) ACM-H3o6pa>KeHHa: aTOMHOit CTpyK- 
Typbi c peajibHbiMH HapaMeipaMH SKcnepHMeHTa (chjioh B03;i,eHCTBHa: 30Hfla, 
MO;i,yjiHMH ynpyrocTH sonp^a h o6pa3n,a, pa/],HycoM KpHBH3Hbi nrjibi h CTene- 
HbKD ee acHMMeTpHH), a He c a6cTpaKTHbiM ^KOjinnecTBOM aTOMOB na KOHHHKe 
Hrjibi>. 

-^^c TCMH >Ke napaMeTpaMH pemeTKH, mto h HCCjie^yeMaa noBepxHOCTt 
^^npH THHH'iHbix ycjioBHHx ACM-3KcnepHMeHTa Ha Bosflyxe 
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BoCCTaHOBJIGHHe HCTHHHOii reOMGTpHH oGteKTOB 

no ACM-H3o6pa:aceHHio (ynex scJjcJjeKxa ymnpe- 
HHa) 

3(j)4)eKT yniHpeHHg npoasjiaeTCH b tom, hto y ACM-H3o6pajKeHHH oflHHOHHbix 
oBteKToq^ saBbimeHbi 3HaieHHa inHpHHbi npo(|)Hjia, h CBHsan c TeM, hto 30h;i, 
MHKpocKona HMeeT KOHeiHbiii pa^nyc kphbhshbi KOHHHKa. Tpa;i,HLi,HOHHO p^jisi 
yncTa seJjcJjeKTa yniHpcHHH o6'i>eKT HCCjieflOBannH oniiCBiBaiOT c(f>epuHecKou reo- 
MeTpHcii. Mbi o6o6lli,hjih stot noflxofl pjisi MOflejiH DAMuncoudaMHoeo oGtCKTa 
(b ceneHHH — sjijihhc c nojiyocHMH a h &) , hto npeflCTaBjiHCTCH cymecTBeHHbiM b 
CBCTe HSjiojKeHHbix Bbime peayjibTaTOB o KOHTaKTHbix fle4)opMaii,HHx o6pa3ii,OB 
no/i, fleficTBiieM aoH^a. 



Bbijia paccMOTpena reoMCTpHHecKaa MOflejib (pHC.|4]), yHHTbiBaioinaH Bsan- 
Mo;i,eHCTBHe o6'i)eKTa tojibko c kohhhkom soHfla («hh3khh» oSteKT). Kohtihk 
soHfla annpoKCHMHpoBajiH jih6o nojiyccjjepoii pa^nyca R, jih6o napa6ojiOHflOM 
BpamcHHs (z — kp^ , Tf\e k — K034)4)Hn,HCHT napa6ojibi) , npn stom 6bijio noxasa- 
HO, HTO pesyjiBTaTbi npHMenenHH flByx mcto/ihk (J^aKTii^ecKH ToacaecTBeHKbl^. 
CTaBHjiH saflany: no saflannbiM SHaneHHHM bbicotbi ACM-npo4)Hjia: (26), napa- 
MBTpa reoMeTpHH hfjibi [R hjih k) h niHpHHbi npo4)HjiH ACM-HSoSpajKenHH na 
nojiyBbicoTe (2c?) onpeflejiHTb hcthhhoc SHa^eHHe mnpHKbi o6'beKTa 2a. AnajiHS 
reoMCTpHH KOHTaKTa no3BOjiHji B o6oHx cjiyiaax cbccth safla^^y k o;i,HOMy ypaB- 

HeHHK) C OflHHM HCHSBeCTHblM, flJIH KOTOpOrO 6bIJI C03flaH ajirOpHTM HHCJICHHOrO 

pemeHHH. IIpHHeM noKasajin, hto nojiyneHHoe ypaBHSHHe ne UMeem pemenusi 
B cjiynae, Kor^a BbinojinaeTCH ycjiOBne (fljia Mo;i,ejiH napa6ojiHHecKoii nrjibi): 



(cxo;i,Hoe cooTHOineHHC 6bijio nojiyiCHO ii b Mo;i;ejiH ccJaepH^ecKoli nrjibi) . Cmbicji 
flaHHbix orpaHHHeHHH OHeBHflen: ecjiH HSMepenHbie ACM-npo(J)HjiH oGteKTOB 
«ocTpbie>, TO H Hrjia, c noMombio KOTopofi ohh 6bijiH nponHcanbi, TaKJKe ^ojijk- 

Ha 6bITb ;i,OCTaTOT^HO «OCTpOH>. 

^'^aflCop6HpoBaHHi>ix Ha noBepxHOCTt nofljio^KKH 

^^KOjiHiecTBeHHaH pa3HHri;a HaftfleHHtix pemeHHH cocxaBJiaeT <10% 




Phc. 4: FeoMeTpHH KOHTaKTa so'Rp^a h o6pa3n,a 
(k oGtHcneHHio scJxJjeKTa yinHpenna) 



k < b/(f 



(6) 
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KaK noKaaBiBacT anajiHS ycToii^iHBOCTH pemeHHH, onpe^ejiaiomHii BKjia/i, b 
norpeniHOCTb a bhocht norpeniHOCTB napaMCTpa d; THnH^^HBie SHanenHH CTan- 
/i;apTHoro OTKjiOHeHHs fljia naiifleHHijix SHaHenHft a MoryT npeBbimaTb 20%, no- 
STOMy fljiH yMeHbineHHH omaGKH HeoGxo^HM Ha6op ^ocTaTOHHoft CTaiHCTHKH. 

3 ACM-Hccjie^oBaHHa BsaHMOfleiicTBHa BHpyc- 
HOH PHK c 6ejiKaMH 

BbiGop o6'i>eKTa HCCjieflOBaniiH o6'BacHaeTCH cjieflyiomHM. Biipycbi hbjihkjtch 
npocTeiiinHMH npHpo^HbiMH o6'BeKTaMH, cnoco6HijiMH k penjiHKaLi,HH, h coctojit 

H3 HOCHTCJIH rCHCTHHeCKOii HHcJjOpMai^HH (MOJieKyjIH HyKJieHHOBOii KHCJIOTbl) H 

GejiKOBOii o6ojio^kh. Hpoi^ecc penjiHKan,HH peryjinpyeTca cnei^HcjDHKOii BsanMO- 
fleiicTBHa MOjiCKyjibi HyKjieHHOBOii khcjiotbi c 6ejiKaMH. Ha6jiiofleHHe CBo6oflHOH 
PHK nosBOjiaeT HCCjie/],OBaTi> sto BsaHMO^eiicTBHe, hto mojkct p^aTb BKjiafl b 
noHHMaHHC MexaHH3M0B npon,ecca c6opKH BHpycoB, CTpyKTypnoft opraHH3aD;HH 
H 4)yHKD;HOHHpOBaHHH pH6oHyKjieonpoTeHflOB. 

B HacTOHmee BpeMH pa3pa6oTaH psiji mbtoahk 4)HKcaLi,HH MaKpoMOjiexyji 
^HK Ha noBepxHOCTsx no;i,jiO}KeK fljiH ACM-HCCjieflOBaHHii. OflnaKO b jiHxepa- 
Type OTcyTCTBOBajiH pa6oTbi, nocBamenHbie nofloGnbiM SKcnepHMenTaM c bbico- 
KOMOjieKyjiHpHoii odHOHumeeou PHK, hto oStHCHaeTCH npo6jieMOH ee 4)HKca- 
TXBM Ha nofljiojKKe b pacnpaBjiCHHOM coctoshhh. B pa6oTe anpoSnpoBajiH Me- 
TO^HKy npHroTOBjiCHHs BHpycHoii PHK fljiH ACM-HCCjie;i,OBaHHH h npoBCjiH 
BH3yajiH3an,HK) CTaflnii npon,ecca nocjieflOBaTejiBHoro BbiCBoSojK^CHHH PHK h3 
GejiKOBOit 060J10HKH HacTHLi, snpyca TaGaHHoit M03aHKH no/i, ^eftcTBHeM xkmh^c- 
CKHx peareHTOB. Cjie^yeT OTMeTHTb, hto pa3pa6oTaHHaH MCTOflHKa ne BKjiiOHa- 
eT KaKoro-jiH6o flonojiHHTejibnoro KOHTpacTiipoBanHH MOjieKyji PHK, b otjih- 
TjHC OT npenapHpoBaHHH nyKjieHHOBbix khcjiot pjisi sjieKTpoHHOfl; MHKpocKonHH 
(3M). 

D^ejibHbie HacTHLi,bi BTM 6bijiH nccjie^OBaHbi b pesKiiMax nocTOSHHoro h npe- 

pblBHCTOrO KOHTaKTOB Ha HOBepXHOCTHX nHpOrpa4)HTa H CJIIOflbl (pHC.[S]). BblJIO 

oSnapyjKeHO, hto CKopocTb cop6HpoBaHHH BHpycHbix HacTHu; na no^jiojKKy TeM 
Bbime, HCM 6ojibine CTenenb rHflpo4)o6HOCTH ee noBepxHOCTH; mbi CBH3biBaeM 
3T0 Ha6jiiofleHHe c npoHBjieHHeM zudpo(fio6Hozo seJxJjeKTa. 

B MarKHx ycjiOBHHx ;i,enpoTeHHH3an,HH Ha6jiioflajiH pH6oHyKjieonpoTeHflbi 

(PHII) C BblXO^I^mHMH H3 HHX (c OflHOrO KOHLI,a HJIH C o6oHx) HHTSMH PHK, 

"^^PeayjibTaTbi, HSjio^KeHHtie b ^aHHOH rjiaBe, nojiyMenbi b xo^e coBMecTHoft pa6oTbi c Ha- 
yHHoit rpynnoH fl. x. h. K). O. /Z,pBirHHa (HHH OXB hm. A. H. BejiosepcKoro MFY) 
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Phc. 5: HacTHD;iji BHpyca Ta6aHHOH 
MOsaHKH, aflcop6HpoBaHHbie na im- 
porpaeJjHT; ACM-HCCjieflOBaHHe 



CM. pHC.inji. HpOTeCTHpOBaB TpH H3BeCTHIjie MeTOflHKH HaCTHHHOH flenpOTeHHH- 

3aLi,HH BTM H BbiCBo6o}KfleHHa: PHK, onHcanHbie b jiHTepaiype, o6Hapy>KHjiH, 
^TO HanGojiee nepcneKTHBHbiM HBjiaeTCH MeTOfl c npHMeneHHeM ;i,HMeTHjicyjii>- 
(|)OKCH/],a (JXWLCO). McTO/], /i,enpoTeHHH3aii;HH b pacTBopax co mejiOHHbiM SHa^^e- 
HHeM pH xapaKTcpHsyeTCH 6ojii>inHM (J^ohom nojiy^iacMbix ACM-H3o6pa}KeHHH. 
KpoMe Toro, MOjieKyjibi PHK b stom cjiynae ckjiohhbi k arperai^Hii ii b 3Ha- 
TjHTejiBHOH CTeneHH coxpanHiOT ajieMeHTbi btophhhoh CTpyKTypti. Mexofl c hc- 
nojii>30BaHHeM MOHeBHHbi nosBOjiaeT nojiynaTb ACM-H3o6pa>KeHHH c He3HaHH- 
TejiBHbiM 4)OHOM, HO HpH 3T0M Ha6jiioflaeTCH arperan,Ha BiipycHbix PHIl. 




Phc. 6: a) HacTHino paapymenHbie pH6oHyKjieonpoTeH;],bi BTM, naGjiiOflaiOTCfl: 
Bbixo^Hmne H3 KOHn,OB HacTHu; hhth PHK; 6) nojiHOCTbio BbiCBo6o>KfleHHi>ie 
MOjiCKyjibi PHK; ACM-HCCjieflOBaHHC, nofljiojKKa — cjiiofla 



B JKCCTKHX ycjiOBHsx /i,enpoTeHHH3aLi;HH 6ejiKOBaH o6ojiOHKa pa3pymaeTca, 
H MaKpoMOjiCKyjia PHK hojihoctbio BbiCBo6ojKflaeTCH (pHC.|B}5). H3o6pa}KeHHbie 
3flecb MOjiCKyjibi OTflejiCHbi ot MOjiCKyji paspyineHHOii 6ejiK0B0fl oSojioikh mcto- 
^OM BHCOK034)(J)eKTHBHOii jKHflKOCTHOH xpoMaTorpacJjHH H a/i,cop6HpoBaHbi Ha 
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CBejKHH CKOJI CJHOflbl H3 36% ^MCO B npHCyTCTBHH 1% BAG (5eH3HJiajIKHJiaM- 

MOHHH xjiopHfla) . HpHcyTCTBHe ^MCO cnoco6cTByeT pacnpaBjieHHio MOjieKyji, 
a BAG — HMMo6jiH3ai],HH hx na nofljioJKKe. 

IIpoBO^ anajiHS BHpycHbix HacTHii,, HaxoflamnxcH na npoMCJKyTOHHOii CTa- 
flHH paapymeHHH, o6HapyjKHjiH, ^ito b 40% cjiynacB y BHpycHofl ^acTHn,bi na- 
6jiio/i,aeTCH flBe Bbixo/;amHx h3 ocTOBa hhth nacTH^iHO BbiCBo6o}KflCHHOfl: PHK 
(b ocTajibHbix cjiynaax — Oflna hhtb). GTaTHCTHiecKHii aHajiH3 3aBHCHM0CTH 

flJIHHbl 06eHX HHTeft OT flJIHHbl BHpyCHOrO OCTOBa n03B0JIHJI 3a4)HKCHpOBaTb 

acuMMcmpuw npoii;ecca BbiCBo6o>KfleHHH PHK h3 GejiKOBOit o6ojiot^kh jijin flByx 
KOHii,OB ^acTimbi, T.o. HaMH noflTBcpiKfleHa nojigpHOCTiF^ pa3pymeHHH BHpyc- 
Hbix laCTHH, Ta6aHH0H M03aHKH. 



4 3oH^OBaa MHKpocKonHH npoi];eccoB KOH^enca- 

^HH /],HK 

B JKHBOH npnpofle (BHyTpn BHpycoB h KjieiOK) MOjiexyjia /I,HK Haxo;];HTca b 

CymeCTBCHHO «K0MHaKTH30BaHH0M» COCTOHHHH, 3aHHMag 06136^1 Ha HCCKOJIbKO 



HOpaflKOB (flO 10^) MeHbHIHii, HCM B paCTB0p4^. B Jia6opaTOpHbIX yCJIOBHHX 

npn noMon],H pn^a KOHflCHCHpyion^Hx arcHTOB MOJKeT 6biTb ocymecTBjiena t.h. 
V'-K0MnaKTH3aD;H /],HK (nepexofl Kjiy6oK rjio6yjia); H3BecTHO, hto flByMH 

OCHO6HUMU (JjOpMaMH ■(/;-K0MHaKTH30BaHH0H MOJICKyjIbl HBJIHHDTCH mOpOudaAt- 

Han H cmepatcHeeaji. IIpHMeHeHHe MeTO/i,a AGM pjisi HCCjicflOBaHHii KOMnax- 
TH3ai],HH MOjiexyji /I,HK HpeflCTaBjiaeTCH BCCbMa nepcneKTHBHbiM, nocKOjibKy 

OKaSblBaeTCH B03MO>KHbIM npOBOflHTb HCCJieflOBaHHa b naTHBHblX hjih 6jih3khx 
K HHM yCJIOBHHX, HpH 3T0M MOJKHO OHpeflejIHTb He TOJIbKO (JjOpMy, HO H pa3MepbI 

HCCjieflyeMbix CTpyKiyp. 



^■^BnepBbie o6Hapy?KeHa no flanHMM 3M 

"^^PeayjibTaTbi, H3jio>KeHHi>ie b ^aHHoii rjiaBe, nojiyneHBi b xo^e coBMecTHoii pa6oTbi c k. x. h. 
O. A. ribiniKHHofl H K. X. H. B. F. CeprecBbiM (XHMiiMecKHH 4)aKyjibTeT Mry) 
■^^B xopomeM pacTBopHTejie 
■^^OT 1/1 — psi — polymer and salt induced 
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Onpe^ejiGHHe reoMCTpHH KOMnjieKCOB ^HK-IIAB, 
nepeme^niHX nepes rpaHHi],y pas^ejia (Jjas bo- 
^a / xjiopocJjopM 

KoMnaKTH3aLi;HH flHK npH BsaHMOfleiicTBHH c KaTHOHHbiMH nAB H npoxo}K;i,e- 
HHC KOMnjieKCOB flHK-HAB nepea MejKcJjasHyio rpaHHLi;y BOfla/MajionojiapHbift 
opraHHiecKHii pacTBopHTCjib mojkct paccMaTpHBaTbca KaK MO^ejib TpancnopTa 
reneTH^ecKOH HHcJjopMai^Hn b KjieiKy. HpeflCTaBjiajiocb HHTepecHbiM Hccjieflo- 
BaTB Mop4)OJiorHK) KOMnjieKCOB, nepemeflmiix h3 Bo;i,bi b xjiopo4)opM, h ou,eHHTb 

KOJIHHeCTBO MOJICKyjI flHK, BXOflHILI,HX B KOMnjICKC, BOCCTaHOBHB (hO MCTOflHKe 

ynexa 34)4)eKTa yninpenna, CTp.llip HCTHnnyio reoMCTpHio oGtSKTOB. 










1-4.00 




o 

. C ■' (j 
* 




I 2. 00 

Phc. 7: TopoHflajiBHijie KOMnjiCKCbi 
^HK-IIAB, nepeme/iniHe b xjiopoeJ^opM 









H3 BOflHoii cjjasbi, n aflcopGnpoBannbie 
fljiH ACM HCCjieflOBanna na noBcpx- 



HOCTb CJIIOflbl 



Ha pHC.[7] npHBe;i;eHBi pesyjiBTaTBi ACM-BH3yaj[H3aii;HH komujickcob ^HK- 
IIAB, nepemcflmnx b xjiopocjjopM: (J^opMoii KOMnjiCKca HBjiseTCH Top. C n,ejiBio 
aHajiH3a reoMCTpHu KOMnjiCKCOB H3MepajiH napaMCTpbi: D — flnaMCTp Topa, 
d — flnaMCTp ceHCHHH Topa, h — BbicoTa TopoH^ajiBHOii cxpyKTypti na^ nofl- 
jioJKKOii, H onpeflCjiHjiH hx cpeflnne SHanennjo: D ~ 100±30hm, d — 25±9hm 
H /i = 5 ± 2 HM. JXjia CTaTHCTHKH nap 3HaHeHiiH d II h TecTnpoBajin Bbinoji- 
HCHHe ycjiOBHH ([6]) H onpcflejiajiH npe^ejibHoe 3HaH:eHHe napaMCTpa reoMCTpHii 
nrjibi {R HjiH fc), npn KOTOpoM noHBjiaiOTCa cjiynan OTCyiCTBna pemenHH. TaK 
onpeflejiHjiH, hto BcpxHHa rpaHHii;a 3HaHeHHH R, xapaKTepH3yioiii;ero KonKpcT- 
Hbiii 30H/],, cocTaBjiHCT 12 HM (t.o. HyTCM aHaj[H3a ACM-H3o6pa}KenHii 06'i.eKTOB 
nojiynena HH4)opMaii;HH n o napaMCTpax 30Hfla). Bbijio paccHHTano, hto ecjin 
paflnyc 30Hfla cocTaBjiHCT 6 12 hm (hhjkhhs rpanHii,a nojiynena h3 anajin- 
3a TecT-06'BeKTOB), TO cpcflnee 3naneHHe ncTHnnoii mnpHKbi cenenHH Topa a 
cocTaBjiJieT 10 -f- IIhm (t.o., cjjopMon KOMnjiCKca /I^HK-IIAB hbjihctch cnjiioc- 

■^^B KaMecTBe norpeniHOCTH yKasaHbi CTaH^apTHbie otrjiohchhs, A'^ = 180 
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HyTbiii Top). 3to hosbojihjio onpeflejiHTb, mo b coctrb 80% KOMnjieKCOB bxc^ht 
OT 2 16 MOjiexyji ^HK. 

HcCJie^OBaHHe HSMGHeHHH KOH4)OpMai],HH ^HK B 

BOflHO-cnnpTOBbix cpe^ax 

Panee coo6LLi,ajiocb o pesyjibiaTax HCCjieflOBaHHii 4)jiyopecLi,eHTHOH mhkpocko- 
nHH (3>M) flHHaMHKH ncpcxofla Kjiy6oK — > rjio6yjia fljia rnraHTCKOii ^HK T4 

B BOflHO-CniipTOBOii CMCCH npH BapHaiI,HH KOHII,eHTpaLI,HH CnnpTa (sTaHOJI, H30- 

nponanoji) b npHcyTCTBHH KaTHOHOB Na+ . Ilpn stom CTpyKxypy nacTUHHO kom- 
naKTH30BaHHbix o6pa30BaHHH h rcoMeTpHio KOMnaKTHOii rjio6yjibi onpe/iejiHTb 
He y;i,aBajiocb b CHjiy orpaHHHCHHH paapeinaiomeH cnocoSnocTH Meio/ia Oivj^. 
IIpeflCTaBjiHjiocb floCTaTOHHO noKasaTejiBHbiM npHMCHHTb MCTOfl C3M fljia hc- 
cjie;i,OBaHHa toh jkc CHCTeMbi: BHsyajiHSHpoBaTb npoLi,ecc b peajibHOM MacmTa6e 
BpeMeHH HenocpedcmeeHHO e eodHO-cnupmoeou cpede (b otcudKocmHou jiHeuKe 
ACM). 

HpenapaT, coflepjKamHii MOjiCKyjibi /],HK T4 b BOflHO-cnnpTOBOii cmcch npH 
80% KOHii,eHTpaLi;HH Hsonponanojia, bbo;];hjih b }KH;i,KOCTHyio HHeiiKy. Ilpn sthx 
ycjiOBHHx MaKpoMOJieKyjibi ^HK ocajK^ajiHCb na noBepxHOCTb cjiioflbi b BH^e 
KOMnaKTHbix rjio6yji (pHC.|5^). HpHMeHeHHe mctoahkh y^CTa scJxJieKTa yniHpe- 

HHS fcTP. Ilip n03B0JIHJI0 Cpfijiaib BblBOfl, ^^TO HCTHHHOH reOMeTpHHeCKOH dpOp- 

MOH rjio6yjibi SBjiaeTca cnjHOCHyTbiii h cjierKa BbiTHHyTbiii sjijiHncoHfl, npH^ieM 
KajKflaa rjio6yjia o6pa30BaHa o/],hoh MOjiCKyjioii ^HK, HaxoflameiicH b ;i,ocTa- 
TOHHO njiOTHO ynaKOBaHHOM coctohhhh. 

IlpH nOHHJKCHHH KOHLi;eHTpaLI,HH CHHpTa B HHeHKe C 80% flfl 40% Ha6jIIOfla- 

jiH HacTHHHyio /;eK0MnaKTH3aD;Hio rjio6yjiapHbix CTpyKTyp, cm. pHC.[8l5. 0;i,HaKO 
OKa3ajiocb, HTO flajiBHeiiniHH npon,ecc pa3BopaHHBaHHH rjio6yji ne npoHCxoflHT, 

TJTO MO>KHO oStHCHHTB BJIHHHHCM nOflJIOJKKH. HoSTOMy MaKpOMOJICKyjIH ^HK B 

npoMejKyTOHHOM coctohhhh (MCJKfly rjio6yjioii h Kjiy6K0M) nojiynajiH cjie^yio- 

IHHM 06pa30M. B JKHnKOCTHyiO HHCHKy BBOflHJIH MOJieKyjIbI ^HK, HaXO^HIUHeCH 

B 40% H3onponaHOjico, a 3aTeM noBbimajiH KOHi];eHTpaLi,Hio cniipTa b aneiiKe, 
npH 3T0M MOjiCKyjibi BbinaflajiH na noBcpxHOCTb no/;jiojKKH b HacTHHHO KOMnax- 
TH30BaHH0M cocTOHHHH, pHC. |9l Bbijio o6Hapy>KeHO, ^iTO Ha^iajibKbiM npoi],eccoM 
K0MnaKTH3aii,HH /IHK aBjiaeTca 3aKpyHHBaHHe OT^ejibKbix ynacTKOB MaKpoMO- 
jieKyjibi B TopoHflajibHbie CTpyKxypbi, KOTopbie, no-BH^HMOMy, h hbjihmtch Li,eH- 

■^^onpeflejiaeTCH npeflejioM paapemeHHH onTHiecKoro MHKpocKona 

■^^nepexofl Kjiy6oK — >■ rjio5yjia npoHCxoflHT npn KOHij,eHTpaij,HH H3onponaHOjia 6ojiee 50% 
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2.00 4.00 B.OO MKM S. 



Phc. 8; ^HHRMiiKa npoLi;eccoB KOMnaKTH3an,HH//i,eKOMnaKTH3aii;HH MOjiCKyji 
^HK B Bo;i,HO-cnHpTOBOH cpefle; a) — KOMnaKTHbie rjio6yjibi, BbinaBniHe na no- 
BepxHOCTb cjiioflbi H3 80% BOflHoro pacTBopa Hsonponanojia: 6) — ^^acTHHRO 
fleKOMnaKTHSOBaHHbie rjio6yjii>i (tot jKe y^^acTOK noBepxHOCTn) nocjie noHHJKC- 
HHs KOHii,CHTpaii;HH CHHpTa flo 40%; ACM-HCCjieflOBaHHe b jkhakocthoh HHCftKe 



TpaMH /lajiBHeiinieii KOMnaKTH3an;HH, npHBO/iamefi k cjjopMHpoBaHHro njiOTHbix 
rjio6yji, BH3yajiH3HpoBaHHbix na pnc. 




1.00 2.00 3.00 MKM 



Phc. 9: HacTHHHO K0MnaKTH30BaHHi>ie 
MOJieKyjibi /[I,HK, BbinaBniHe na ho- 
'"° BepxHOCTb cjnoflbi h3 40-50% bo;i,- 
Horo pacTBopa HSonponanojia; ACM- 

HCCJieflOBaHHe B JKHflKOCTHOil HHCHKe 
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5 npHMGHGHHe MGTO^a ACM ^JiH aHajiHsa CTpyK- 

Typbl TOHKHX OpraHHHGCKHX HJIGHOK 

McTOfl JlenrMiopa-BjiofljKeTT 4)opMHpoBaHiia opraHHiecKHx hokphthh co- 
CTOHT B nepeneceHHH njiOTHoynaKOBaHHbix MOHOCjioeB aMcJjHcJjHjibHbix MOjiexyji 
c rpaHimBi 4)a3 »cHflK0CTi>/ra3 na TBep^yio nofljiojKKy. HepeHOC oSbihho ocy- 
mecTBjiHiOT BepTHKajitHBiM cnoco6oM, Mbi HcnojibSOBajiH TaKJKe MeTo;; ropHSOH- 
TajibHoro ocajK/ieHHH mohocjiocb (npii napajijiejiBHOCTH njieHKH h no;];jiO}KKH) . 
TexHOjiorHH JIB nosBOjiacT ^ocTaTOHHO npocTO HSMeHHTt CBOiicTBa noBepxHO- 

CTH H 4)OpMHpOBaTb KaHeCTBeHHbIC njICHOHHBie nOKpblTHH c 3a;i,aHH0H CTpyKTy- 
pOii, HTO oGtHCHHCT HHTCpeC K nOTCHI^HajIbHOMy HCnOJIbSOBaHHK) njICHOK JIB B 

BBicoKOTexHOJiorHHHbix OTpacjiHx. OflHaKO fljiH Hx mHpoKOMacmTa6Horo npn- 
MeHeHHH Heo6xoflHMO npoacHHTb ocHOBHbie MexaHH3Mbi, onpeflejiHK)iii,He CTpyK- 

Typy CcJjOpMHpOBaHHblX nOKpblTHH, H 3flfiCb HOBaa HH4)OpMai],HH MOJKeT 6bITb 

nojiynena ACM. 

Mbi o6HapyjKHjiH, ^^to bo mhophx cjiynaHx mctoa rC0 nosBOJiHCT (JjopMH- 
poBaTb 6ojiee KaHecTBennbie noKpbixHH, hbm BepTHKajibHbilt mbtoa JIB, ^to mo- 
jKeT 06'bHCHHTbCH OTcyTCTBHeM HCKajKaiomero bjihshhh nepeopHeHTan,HH MOJie- 
Kyji B npoLi,ecce nepenoca b stom cjiy^ae (mohocjioh nepenocHTCH na nopjioxKj 
«KaK ecTb>, B 6ojibmeii cieneHH coxpaHaa cbohd CTpyxTypy). Tax, npn ACM- 

HCCJieflOBaHHH MOHOCJIOHHblX njICHOK GereHOBOH KHCJIOTbl, CcJjOpMHpOBaHHblX Ha 

cjiiofle MeTOflOM TO c boahoh cy64)a3bi, yflajiocb BHsyajiHSHpoBaTb cocymecTBO- 
BaHHe flByx o6jiacTeH, OTjiHHaiomHxca bbicotoh mohocjioh (pasHHija 0,3-0,6 hm), 
CM. PHC. IIOI Mbi HOjiaracM, hto o6jiacTH pasnoii bmcotm othochtch k ynacTKaM 
pasjiHHHoro flByMcpHoro (JjaaoBoro coctohhhs hjichkh («TBepflaH> h okhako- 
KOHfleHCHpoBaHHaa» cjiasbi) c pasjiH^iHOH opHeHTan;HeH MOjiexyji. Ilpn Hcnojib- 
30BaHHH TpaflHn,HOHHoro BcpTHKajibHoro MCTOfla JIB BbiflejienHH mohocjioh bh- 
3yajiH3HpoBaTb TaKHC oco6eHHOCTH CTpyKTypbi He y^aBajiocb. 

©opMHpoBaHHe KpHCTajiJiHTOB B MOHOMOJieKyjisipHMX HJieHKax 6ere- 

HOBoii KHCJIOTbl H /I,HHaMHKa npOLi;eCCOB HX paSpymeHHH/BOCCTaHOBJIGHHH. 

Mbi o6Hapy}KHjiH, hto MOHOMOjieKyjiapnaH njiCHKa 6ereHOBOii khcjiotm, ropn- 
aoHTajibHO ocajKfleHHaa na noBcpxHOCTb nofljiojKKH (xaK cjiio;i,bi, tbk h nnpo- 
rpa4)HTa) c cy64)a3bi, coflepjKameii Tiioji-CTa6HjiH3HpoBaHHbie HOjiynpoBOflHH- 

'^^PesyjibTaTbi, ii3jio>KeHHi>ie b ^aHHoii rjiase, nojiy^enbi b xo^e coBMecTHoii pa6oTbi c k. x. h. 
r. K. >KaBHepKO (HOOX AH BejiapycH, Mhhck) 
'^^rO — ropH30HTajibHoro oca^KfleHHH 
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Phc. 10: MoHOCjioii 6ereHOBOH KHCjiOTBi, 




npHrOTOBJICHHblH rOpH30HTajIbHMM MC- 

TO^OM oca}K;i,eHHa na cjiiofly. 
BH3yajiH3iipoBaHM ynacTKH paajiHHHO- 
ro (JjaaoBoro coctohhhh MOJieKyji njien- 
KH, xapaKTepHsyiomnecH paajiH^iHoft 
BbicoToii MOHOCjioa. Hapa^y c sthm b 
njiCHKe Ha6jiio/],aiOTCH nopti rjiy6nH0H 

nOflJIOJKKH (HHTeHCHBHO TeMHbie o6- 

jiacTH). ACM-HCCjieflOBaHHe 



KOBbie CdTe KjiacTepto, co;i,ep>KHT jiaMejiapHbie KpHCTajijinnecKHe BKjiiOHeHHa 
fpHc lllb ). Bbijio noKasano, hto hx 4)opMHpoBaHHe HMeeT mbcto jinnib npH na- 
jiHHHH B cy64)a3e CdTe KjiacTepoB. 

0;i,HaKO flOKaaaTb MCTOflOM ACM npHcyTCTBue KjiacxepoB b cefjopMnpoBan- 
HOM noKpbiTHH HC yflajiocb. TeM ne Menee, npeflCTaBjiajiocb HHTepecHbiM hc- 
cjieflOBaTb CTpyKTypHbie oco6eHHOCTH KpncTajijiHTOB. Bbijio ycTanoBjieHO, hto 
jiaMCJiH opiieHTHpoBaHBi He npoiiSBOjiBHBiM o6pa30M, a b^ojib neKOTopBix eude- 
ACHHux HanpaBjiCHHH pcmeTKH no/i,jio>KKH. TaK, yrjiBi Me»cfly jiaMejiaMii Kpai- 
HBi 60°; KaK npii HcnojiBSOBaHHH nofljiojKKH H3 cjiioflBi, TaK H rpacjDHTa. 0Ka3a- 

JIOCB, HTO Ha HO/I,JIO>KKe H3 CJHOflBI JiaMejIH OpneHTHpOBaHBI K OCHOBHBIM ocaM 

peineTKH nofljioJKKH no/i, yrjiOM, 6jih3khm 20°, a na HHporpaeJjHTOBOii no/i,jiojK- 

KC — 6jIH3KHM 30°. IIpH 3T0M BCKTOp fl MOJieKyjiapHOH pemeTKH HOBepXHOCTH 
KpHCTajIJIHTOB (Illj^THH. CM. HHJKe) OpHeHTHpOBaH HO HaHpaBJieHHK) jiaMejiii. 

Bbijio o6HapyjKeHO, hto 3th KpHCTajijiH^ecKHe o6pa30BaHHa pa3pymaiOTca 
npH yBejiH^eHHH B03fleHCTByioni,eH chjibi 30H^a (flo 100 hH). Ilocjie necKOjiB- 

KHX CKaHHpOBaHHH C yBejIHHeHHOH CHJIOii B03fleiiCTBHa KpHCTajIJIHTBI «HCHe- 

3aK)T> c ACM-H3o6pa}KeHHa (npn stom OKpyjKaioiii,HH hx mohocjioh ocTacT- 
ca), CM. PHC. 111( 3. Mbi CHHTacM, HTO pe3epByapoM pjia y/iajieHHoro MaTepnajia 
KpHCTajIJIHTOB HBjiacTca 6oKOBaa HOBcpxHOCTB 30H;];a. EcjiH Hocjie pa3pynieHHa 

KpHCTajIJIHTOB HpOflOJIJKaTB CKaHHpOBaHHe, MHHHMH3HpOBaB CHJiy B03^eHCTBHa 

30Hfla, TO Hspea hcckojibko HOCJieflOBaTCjiBHBix CKanHpoBanHH KpHCTajijinne- 
CKHC CTpyKTypbi HacTHHHO BOCCTaHaBjiHBaiOTca B Tex ynacTKax hobcpxhocth, 
r^e 6bijih HpejKfle, cm. pHC. Illb . IIpH stom BOCCTaHaBjiHsaeTca h hx BBicoTa, hto 

■^^Cd54Te32(SCH2CH2OH)a;:^50 — nepcneKTHBHbiH o6't>eKT onTO- h HaHOSjieKxpoHHKH 
■^■^Ltn — i^eHTpHpoBaHHaa npHMoyrojibHaH 



19 




a) 0; 2.5 5.0 7.5 MKM 12.5 



° 6) 




S.B 7.5 MKM 12.5 



22 HM 

12.5 




Bl Q ^.a B.O 7.5 MKM 12 ..5 



Phc. 11: KpHCTEJijiHTbi, c4)opMHpoBaBmH- 
eca B MOHOcjioe GereHOBoit KHCJiOTbi, oca- 
jK^eHHOM Ha uopfiioyKKy cjiroflbi meroppM 
TO c cy6(J)a3bi, coflep»caii;eii CdTe KjiacTe- 
pbi: 

10.0 a) BHsyajiHaHpoBaHHbie npn MHHHMajibHOM 
CHjiOBOM BOSfleiicTBHH 30Hfla; 6) nacTHH- 

7.5 

HO paapymeHHbie npn yBejinnenHH chjim 
5 " B03^ieHCTBHH 30Hfla (6ojiee 100 hH); b) na- 
CTHHHO BOCCTanoBjieHHbie npn nocjieflyro- 

2.5 

meii MHHHMH3aii;HH CHJIbI B03;;eHCTBIIH 30H- 

fla 



CBH;;eTejibCTByeT o 3HaHHTejibH0H MexanHHecKoii CTa6HjibH0CTH sthx o6pa30Ba- 

HHit. 



Hccjie;],OBaHHe MOJieKyjiapHoii ynaKOBKH tohkhx 
opraHHHecKHx njieHOK 

MeTo;; ACM npe^CTaBjisieTCH BecbMa nepcneKTHBHbiM ^jih HccjieflOBaHHH 
CTpyKTypbi MOJieKyjinpHoii ynaKOBKH tohkhx opranHHecKHx HjienoK. Ochob- 

HMM npenHTCTBHCM nOflo6HbIX HCCJIC^IOBaHHII HB.IHC^TCH IICVCTOH'IHBOCTI) njICHOK 

K jiOKajibHOMV Boa^cHCTBHio 30H/;a npH CKaiiHpoBaiiHH ynacTKOB Majioii njioma- 
ffa, HTO HacTo npHBOflHT K jiOKajibHOMy pa3pymeHHio noKptiTHii. TeM ne Menee, 
fljiH psma HjienoK OKasajiocb B03M0>KHbiM c noMoni,bio ACM ;i,0CTHHb MOjieKy- 
jinpnoro paspemenHsi h onpe;;ejiHTb napaMeTpbi ajieMeHTapHoii HneiiKH. Ochob- 

HblM (JjaKTOpOM, OrpaHHiIHBaiOmHM TOHHOCTb nOflo6HbIX ACM-H3MepeHHH, ss- 

jiaeTCH meMnepamypHuu dpeucfi, nosTOMy fljia HCKjiroHeHHH ero HCKa>Kaioiii,ero 
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BjiHSHHH napaMCTpbi MOjiCKyjiapHoii ynaKOBKH onpeflejiHjiH nyTCM ycpeflHeHHH 
pesyjibTETOB HSMepeHHH 3HaHHTejibHoro HHCJia ACM-H3o6pa}KeHHH, nojiyneH- 
Hbix npH pasHoii opHeHTaLi,HH ;];ep>KaTejiH jieeepa h o6pa3ii,a n npn pasjiHHHOM 
HanpaBjiCHHH CKaHHpoBRHHH. Hhjkc npHBefleHbi 3HaHeHHH cpe;i,HHx apneJ^Me- 
THHecKHx fljiH HSMcpaeMBix napaMeipoB, B Ka^^ecTBe norpeniHOCTH npHBCfleHBi 
BejiHHHHbi cmaHdapmHoso omKAOHeHuA^T tohhoctb KajiH6poBKH npH6opa mbi 
oiieHHBaeM na ypoBne 2%. 

BereHOBEia KHCJioTa. CTpyKTypnaH 4)opMyjia: C21H43COOH. 

Ta6jiHi];a 1 : HapaMeTpbi flByMepnoft 
pemeTKH MOjieKyjiapnoii ynaKOBKH 
TOHKHx njienoK GereHOBOii khcjiotbi 
(IJ,n-HHeiiKa) . 

Wl H W2 — flJIH nOBepXHOCTH 

KpHCTajijiHTOB (cM. Bbiine); Wi — 
^jia MOHOCjiOH, nepeneceHHoro Bep- 

THKajIBHBIM MeTOflOM JIB Ha CJIiOfly, 
— flJIH MOHOCJIOa, ropH30HTajib- 

HO ocajKfleHHoro na cjiiofly. 

SnaieHHa napaMCTpoB MOJieKyjiapHofl ynaKOBKH nosepxHOCTH KpucmajiAu- 
moe {Wl H W2 Ta6jiHLi;bi [1} , ccJjopMHpoBaHHbix b Monocjioax GerenoBoii khc- 
jiOTbi na cyGeJjase, coflepjKameii CdTe KjiacTcpBi (cm. Bbime), 6jih3kh SHa^^eHH- 
aM a = 0,496 h & = 0,785 hm, onpe/;ejiCHHbiM KHTaHropoflCKHN0 h3 npHH- 
n,Hna hjiothoh ynaKOBKH yrjiCBOflopoflHbix D;cncH pjiR cjiocb MOjieKyji c R- 
nofltaHeKoii. Mbi oGnapysKHjiH, hto 6jih3khmh 3HaHeHHaMH xapaKTepH3yeTca 
TaKJKe MOJieKyjiapnaa ynaKOBKa Monocjioa n^^ejiHRoro BOCKa na noBepxHOCTH 
nHporpacjjHTa (HHCpTHaa nofljiojKKa). Mojkho npeflnojiojKHTb, hto b sthx cjiy- 
Haax BjiHanne nofljiojKKH na MOjieKyjiapnyio CTpyKxypy MHHHMajibHO. B to jkc 
BpcMa ^jia MOHOCAoee 6ereH0B0H khcjiotbi na CAwde [Wi h Ta6jiHii,bi [T]) na- 
paMCTpbi pemeTKH OTjiHnaKiTca ot 3HaHeHHH, onpe^ejiaeivibix npHHi],HnoM njiOT- 
HOii ynaKOBKH yrjiCBOflopoflnbix n,eneH, hto mojkct o6T.acHaTbca BjinanneM nofl- 
jiOJKKH. IIpH Hcnojib30BaHHH no/],jiojKKH nupo8pa(f>uma MOjiCKyjiapnoro pa3pe- 
niCHHa floCTHHb ne y^aeTca. ACM BH3yajiH3HpyeT hhoh thh CTpyKTypti: Maie- 
pnaji njiCHKH opraHH3yeTca b nepHo;i,HHecKHe o6pa30BaHHa (nepnofl 6,3±0,4 hm) 

■^*HH5Ke A'^ — HHCJIO HSMepeHHMX ACM-H3o5pa}KeHHH 

■^^Cm., HanpHMep, A. H. KHTaftropoflCKHit. MoACKyAjipHue KpucmaAAU. — M.: Hayxa, 1971 r. 





nopr 

JIOJK- 

Ka 


a, HM 


b, HM 


N 


1 


cjiiOfla 


0,48 ± 0,03 


0,77 ± 0,06 


60 


2 


rpatJ^HT 


0,50 ±0,02 


0,78 ± 0,06 


70 


3 


cjiiOfla 


0,47 ±0,02 


0,88 ± 0,08 


70 


4 


cjiiofla 


0,53 ±0,03 


0,77 ± 0,04 


10 
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c yrjiOM B3aHMOopHeHTaLi,HH 60° h yrjiOM k ocsm pemcTKH no;];jio>KKH 30°; mm 
nojiaraeM, ^^to sth CTpyKTypbi sbjihiotch nojiyi^HjiHHflpH^iecKHMH MHiiejijiaMH. 



IIjieHKH KeToaMH^OB. Bbijio nojiyieHO MOjieKyjiapnoe paspemcHHe fljia ne- 
peHeccHHbix MeTo;];oM TO na cmopj mohocjiohhmx njienoK coeflHHeHHit: 

K25 N,N'-^HOKTafleD;HjinponaHflHaMHfla c,sH37nh-c-ch,-c-nh-CisH37 



II 

o o 



N-reKcaflen,Hjian,eTaMHfla CicHjjnh-c-chi-c-chj 



II II 
o 



]\"57 N,N'-^HreKcaflcn,HjinponaH;;HaMHfla CisHjjnh-c-chi-c-nh-CisHjj 

o o 

N-reKcaflen,Hji-N'-(2-Ha4)THji)nponaHflHaMHfla c,jH3:^nh-c- chj-c-nh- 

o o 

m N 

1 361 T^T T TTr\ r^f^xTO r^T r^-jyaur^ ttt"/^ o o r\ ttxttttv it iKf-f^ ttt/^ttcittttoa J^'^I 



Bmjio oGnapyiKeHO, hto sa oflHHM HCKjiiOHeHHeM I ACM-H3o6pa}KeHHJi 
njienoK HCCJieflOBanHbix coeflHHeHHii (^25-7 n ]\f»g) xapaKTepHsyiOTCg reKca- 
roHajibHOH peineTKOH c napaMCTpoM a^eiiKH, BecbMa 6jih3khm'^^I aHaneHHio 
0,48 HM, KOTopoe xapaKTepHsyeT ynaxoBKy cjiocb yrjieBOAopoAHbix ii;cncH c H- 
nofltHHeHKOH (t.h. «ra30KpHCTajijiHHecKaa» Aasa'^^f) . MojieKyjibi coe/^HHenHii 
JV^S H Wl HMeiOT no flBa yrjieBOflopoflHBix cjjparMCHTa paBHOii fljiHHbi, 11 mojkho 
npeflnojioJKHTb, hto KajKfloit MOJiCKyjie na ACM-H3o6pa>KeHHH cooTBeTCTsyiOT 
dee nyHHOCTH. Ojxaaxo naGjiiOfleHHe reKcaroHajiBHoit ynaKOBKH yrjieBo;i,opofl- 
Hbix Li;eneH, nonapno 06'i.eflHHeHHBix b MOjieKyjibi, necKOjiBKO HeojKHflanHO, no- 
CKOjiBKy pjLR 06'bHCHeHHa BbicoKoii CHMMCTpHH «ra30KpHCTajijiHT^ecKOH> cjiasbi 
flonycKaiOT, hto yrjieBOflopoflHbie D;enH coxpanaiOT B03MO}KHOCTb He3aBHCHMoro 
poTaiiHOHHoro /],BHJKeHHa BOKpyr CBoeii ocii. 

CocymecTBOBaHHe pasjiHHHBix throb ynaKOBOK b CTpyKType njieHOK 
5-OKTa/i,eu;HJi-2,4,6(lH, 3H, 5H)nHpHMH/i;HHTpHOHa. JXna SToro coe^H- 

Q 

HeHHH, CTpyKTypnaa cjjopMyjia KOToporo CsHj^a )=o ^ oSnapyjKHjiH Tpn 

— 

O 

pa3jiHHHbix THna ynaKOBKH (Ta6jiHLi,a [5]) flJia ynacTKOB pa3jiHHH0fl cxpyKTy- 

pBI njICHKH (pHC.[5^): MOHOCJIOH, OCTpOBKOBBIX o6pa30BaHHH H KpHCTajIJIHTOB, 
CnOHTaHHO (JjOpMHpyiOmHXCa B MOHOCJIOHHOM nOKptlTHH, nepCHOCHMOM MeTO- 

flOM rO na cjiiofly. MojieKyjiapnaH ynaKOBKa octpobkobbix h KpncTajijiHiecKHx 



"^^MOjieKyjiM coeflHHeHHH JV^S— 7 nepeopraHnsoBMBajinct b TpexcjiOHHtie o6pa30BaHH5i, njieH- 
KH K^8, JV^9 coxpaHHjiH MOHOCjioiiHyio cxpyKxypy 

^'^JVaS, pflz KOToporo napaMeTpti pemeTKH: a = 0,566 ± 0,015, b = 0,80 ± 0,03 hm 
^*pa3jiHiHe Menee 1% 

''^flpyroe HasBanHe — «poTaL;HOHHO-KpHCTajijiHHecKaH> cj^asa 
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THI 


nofl- 

JIOJK- 

Ka 


a, HM 


b, HM 


N 


10 


cjiiofla 


0,548 ±0,009 


1,56 ±0,08 


20 


11 


cjiio;],a 


0,549 ±0,009 


1,31 ±0,06 


110 


12 


cjiio;],a 


0,508 ±0,007 


1,37 ±0,08 


40 



Ta6jiHii,a 2: IlapaMeTpbi ;];ByMep- 
Hoii pemeTKH MOJieKyjiapHofi yna- 

KOBKH TOHKHX njIBHOK 5-OKTa- 

;i,eii,Hji-2,4,6(lH, 3H, 5H)nHpHMH- 
;i,HHTpHOHa (L],n-aHeHKa) . 

K^IO — flJIH MOHOCJIOH, — flJIH 

KpHCTajijiHTOB (3, 6 H 9 cjioeB), 
K2I2 — fljiH ocTpoBKOBbix o6pa30- 
BaHHH (2 cjioa) 



o6pa30BaHHH xapaKTcpHSOBajiacb L^II-aHeiiKoii c OTjiHiaiomiiMHCH napaMeipa- 
MH a H 6, HO 6jiH3KHMH SHaHeHHHMH njioiii,aflH, npHxoflHmeiicH Ha MOjieKyjiy 
(0,35 HM^ H 0,36 HM^), CM. Ta6jiHH,y[21 B to jkc BpeMH ACM-H3o6pa}KeHHe mo- 
jieKyjiapHoii ynaKOBKH mohocjioh xapaKTepH30Bajiocij, BO-nepBtix, CBepxcTpyK- 
Typoii (pHC.[5}5), a BO-BTopbix, 6ojibmeH njiomaflbK) na MOjieKyjiy. 3to MO>KeT 

oBtHCHHTbCH BJIHHHHCM HOflJIOJKKH, HOCKOJIBKy HanpaBJieHHC BCKTOpa b B 3TOM 

cjiynae coBHa/i,aeT c oflHoii h3 KpncTajijiorpacJjHHecKHx oceii cjHo;i,bi, hphhcm na- 
paMeTp b = 1,56 HM coH3MepHM c napaMCTpoM pemcTKH hoajiojkkh — 0,52 hm 
(npH 3T0M napaMeTp a HMeei to jkb 3HaHeHHe, ^to h ^jih KpncTajijiHTOB). 



Phc. 12: CTpyKTypa tohkhx hjichok 5- 
OKTafleu,Hji-2,4,6(lH, 3H, 5H)nHpHMHflHH- 
TpHona, ACM-HCCjieflOBaHHe. 
a) — BH3yajiH3HpoBaHiji oGjiacTH pa3jiHH- 
Hoii opraHH3au,HH njienKH: mohocjioh, oct- 
poBKH (2 cjioh) h jiaMCjiH (3, 6 H 9 cjiocb); 
6) — BH3yajiH3an,Ha MOjieKyjiHpHofi yna- 
KOBKH mohocjioh H b) — HOBCpXHOCTH KpH- 
CTajijiHTOB. 
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T.O., Mbi nOKasajiH, hto napaMeipbi MOJieKyjiapnoH CTpyKTypti njienoK 

onpeflejiHiOTCH necKOJibKHMH KOHKypnpyiomHMH cjaaKTopaMH: npHHiinnoM njiOT- 
Hoii ynaKOBKH yrjieBO^opo;i,Hijix Li,eneH, SHaneHHeM njiomaflH nojiapnoH rpynnti 

H BJIHHHHeM nOflJIO»CKH. 
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BblBOAM 



1. Pa3pa6oTaHbi MOflejiH h nocTpoenBi ajiropHTMBi yneia flByx ocHOBHbix ap- 
me^Kmoe ACM: acJxJjeKTOB ytuupemiM h aaHUOKCHUfi eucomu npo4)HjiH 

OflHHO'IHMX oGTjCKTOB, aflCOp6HpOBaHHBIX Ha nOBCpXHOCTB TBCpflOH nof^- 

jiojKKH. npc;];jiojKCHa MOTO/iHKa onpcflc.;iciiHH ynpyrnx napaMCTpoB ot- 

^ejIBHOrO MHKp006'BeKTa. C n03HI],HH TeOpHH KOHTaKTHblX ^ec|)opMaLi,HH 

npoanajiHSHpoBaH MexaHHSM ACM-BHsyajiHsaniiH aTOMHoit CTpyKTypti 
noBepxHOCTH. 

2. Anpo6iipoBaHa MCTO/piKa HMMo6HjiH3aii;HH na noBepxHOc™ uop/LOiKKz 
CBo6oflHbix MOJieKyji OAHOHHTeBoii BHpycHoii PHK b pacnpaBjieHHOM co- 
CTOHHHH. MeTOflOM ACM BHsyajiHSHpoBaHBi CTaflHH npoD;ecca bmcboSojk- 
flCHHa PHK H3 6cjiKOBOH 060J101KH HacTHu; BHpyca TaGanHoii M03aHKH 
H noflTBcpjKfleHa acHMMCTpHH npoTeKaHHH SToro npoii,ecca othochtcjibho 
;i,Byx KOHi^OB MOJieKyjibi. 

3. MeTo;i,OM ACM Hccjie;i,OBaHa ^HHaMHRa npoii,ecca K0MnaKTH3aLi,HH MOJie- 
Kyjibi /]^HK T4 B BOflHO-cnnpTOBbix cpe;^ax, Bii3yajiH3HpoBaHBi MOJieKy- 
jiBi, HaxoflHmHecH Ha pa3JiHHH0H CTa/piH K0MHaKTH3au,HH. 06Hapy5KeHO, 

HTO HaCTHHHO K0MHaKTH30BaHHbie CTpyKTypbl BKJHOHaiOT TOpOHflajIBHBie 

ynacTKH, o6pa30BaHHi)io OT/;ojibHbiMH BHTKaMH MOjiCKyjibi. Ho pc3y.nt.Ta- 
TaM H3MepeHHH ACM BOCCTaHOBjiena peajiBnaa: reoMeTpna KOMnaKTHbix 
CTpyKTyp H paccHHTan hx MOJieKyjisipHBiit cocTaB. 

4. Ho pe3yjibTaTaM ACM-HCCJie/i,OBaHHH CTpyKTypBi JIB njienoK noKa3a- 
na nepcneKTHBHOCTB Merop^a ropHSOHTajiBHoro oca,:>Kf^eTivLsi MOHOCJioeB na 
uopfloyKKy. JXjisi pH;;a TOHKonjienoHHBix noKpBiTHii nojiyneHO MOJieKyjiap- 
Hoe pa3pemeHHe h onpeflejieHBi napaivieTpBi pemeTKH c norpcniHOCTbro 
B eflHHHLi;Bi npoD;oHTOB. noKa3aHO, HTO CTpyKTypa hjichkh onpc;i,cjiHeT- 
CH coBOKynHOCTbK) (JaaKTopoB: npHHLi,HnoM hjiothoh ynaKOBKH yrjieBO^o- 
po/piBix i],eneii, SHaneHHeM njioma/pi nojiapHoit rpynnBi na noBepxHOCTH 
cy6(J)a3Bi H BjiHHHHeM no;;jio>KKH. 
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